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1. Introduction

Understanding metacommunity patterns and processes is
fundamental not only to enhance our basic ecological understanding
but also for developing strategies for effective restoration and
bioassessment programmes (Heino, 2013b; Tonkin et al., 2014). A
common approach has been to disentangle the relative roles of
environmental and spatial variables (Cottenie et al., 2003), but this
approach is not without its problems, as outlined in Anderson et al.
(2011). Alternative means are available to examine metacommunity

structure, such as examining the emergent properties of a
metacommunity matrix through the elements of metacommunity
structure (EMS) framework (Leibold and Mikkelson, 2002; Presley
et al., 2010). This framework allows for the differentiation of
metacommunities into a suite of different idealised structures
simultaneously, rather than individually, based on the structure of
the species-by-site matrix in relation to a null distribution. These
include random distributions, checkerboards (i.e. species pairs occur
together less than expected by chance) (Diamond, 1975), nested
subsets (i.e. species poor communities form a subset of species rich
communities) (Patterson and Atmar, 1986), Clementsian (i.e. species
respond to environmental gradients in groups or discrete commu-
nities) (Clements, 1916), Gleasonian (i.e. species respond individu-
alistically to environmental gradients) (Gleason, 1926), and evenly-
spaced (i.e. species ranges are arranged evenly along environmental
gradients) (Tilman, 1982) gradients.
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A B S T R A C T

The elements of metacommunity structure (EMS) framework gives rise to important ecological insights

through the distinction of metacommunities into several different idealised structures. We examined

the EMS in assemblages occupying a low-mountain river system in central Germany, sampled over three

consecutive years. We compared the idealised distributions of assemblages in both the riparian

floodplain zone (carabid beetles and spiders) and the benthic instream environment (benthic

invertebrates). We further deconstructed instream organisms into taxonomic and trait groups to

examine whether greater signal emerges in more similar species groups. We found little evidence of

strong competition, even for trait-modality groups, and nestedness was almost non-existent. In addition

to random distributions, Gleasonian distributions (indicating clear, but individualistic turnover between

sites) were the most commonly identified structure. Clear differences were apparent between different

trait groups, particularly between within-trait modalities. These were most evident for different

dispersal modes and life cycle durations, with strong dispersers showing possible signs of mass effects.

While random distributions may have partly reflected small sample sizes, clearly coherent patterns were

evident for many groups, indicating a sufficient gradient in environmental conditions. The prevalence of

random distributions suggests many species are responding to a variety of environmental filters in these

river-floodplain metacommunities in an anthropogenically-dominated landscape, whereas Gleasonian

distributions indicate species are responding idiosyncratically to a primary environmental gradient. Our

findings further emphasise the prevalence of context dependency (spatio-temporal variability) in

metacommunity studies, thus we stress the need to further disentangle the causes of such variation.
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Disentangling these distributional patterns stems from long-
standing and intense debates in ecology. For instance, species poor
communities may be nested subsets of more complete assemblages
(Patterson and Atmar, 1986; Ulrich et al., 2009); species may
assemble in an idiosyncratic manner (i.e. Gleasonian) (Gleason,
1926) or form compartments with distinct range boundaries in
response to similar environmental conditions (i.e. Clementsian)
(Clements, 1916); or species sets may form into checkerboard
distributions potentially arising through intense interspecific
competition (Diamond, 1975) or other factors such as environmen-
tal heterogeneity (Heino, 2013a). Differences in species ranges may
reflect differences in habitat or environmental conditions, functional
traits and levels of biotic interactions, among other factors.

One particular location acting as a biodiversity hotspot with a
variety of habitat conditions, functional linkages, and reciprocal
metaecosystem flows of nutrients, matter and organisms (Polis
et al., 1997) is the aquatic-terrestrial ecotone. Soininen et al. (2015)
recently called for a more holistic approach to research linking
aquatic and terrestrial environments. The isolated approach to
studying these systems is surprising given how strongly coupled
they are in reality (e.g. Baxter et al., 2005). The linkage between
rivers and their riparian zone is particularly strong in light of their
greater edge ratio than many other aquatic systems (Baxter et al.,
2005; Richardson et al., 2010). This raises interesting questions as
to the structure of metacommunities across this interface. For
instance, whether different patterns emerge when comparing
complete between-habitat assemblages, spanning the aquatic-
terrestrial ecotone, or individually in their respective habitat
zones. One might expect a weaker competition signal, or
assemblage turnover between locations, when considering assem-
blages holistically, than within the more tightly competing groups
in their respective habitats, including those with similar traits.

Common ancestry (i.e. taxonomic groups), is a limited approach
to grouping species assemblages, as trait-based groups likely
represent more interactive species subsets. Functional traits relate
to the ecological functioning of ecosystems and thus represent a
process-focused view on ecosystems, beneficial for disentangling
ecological processes (McGill et al., 2006). Traits, moreover, likely
overcome some issues relating to spatial and temporal variability
(Poff, 1997; Menezes et al., 2010). Focusing on traits rather than
taxonomically-derived groups may be a more effective approach to
identify stressors (Gayraud et al., 2003; Lange et al., 2014) and
examine climate change influences (Poff et al., 2010). However, it is
likely more informative to study traits in concert with more
traditional taxonomic measures when examining species distribu-
tions and environmental associations (e.g. Bonada et al., 2007).
Given the central role of dispersal shaping metacommunities
(Leibold et al., 2004; Holyoak et al., 2005), traits reflecting dispersal
ability and other factors controlling species’ specialisation should
be particularly important in shaping metacommunity structure
(Thompson and Townsend, 2006; Heino, 2013c).

We examined patterns in metacommunity structure in a low-
mountain river systems in central Germany over three consecutive
years, by applying the EMS framework. We compared idealised
range distributional patterns between instream benthic inverte-
brates, riparian spiders (Order: Araneae) and riparian carabid
beetles (Order: Coleoptera; Family: Carabidae). Based on three
statistics, coherence, turnover and boundary clumping, this
approach enables the differentiation of metacommunities into
several distinct metacommunity types based on their species-by-
site matrices (Leibold and Mikkelson, 2002; Presley et al., 2010), and
can identify important changes in the makeup of assemblages. For
instance, Fernandes et al. (2014) found that metacommunity
structure changed from nested subsets through to quasi-Clem-
entsian from the beginning to end of the flood season for floodplain
fish communities in the Pantanal Wetland, South America. Given the

potential differences in distributions of groups of species with
different functional traits, we compared the structure of different
deconstructed trait groups for benthic invertebrate communities. In
total we used 26 individual groupings, including seven traits and
sixteen trait modalities, making 78 species-by-site matrices in total.

We asked the following questions: Q1. Does metacommunity
structure differ between aquatic invertebrates and riparian
carabids and spiders? Q2. Do different functional trait groups
produce different metacommunity structure, and do within-trait
modalities differ? For instance, (Q2a) does a greater level of
competition for resources and space emerge within trait groups
than taxonomic groups, resulting in more checkerboarding
patterns? (Q2b) Do stronger dispersers have weak structuring
resulting from mass effects at these small spatial scales? Q3. Do
these patterns vary temporally?

2. Methods

2.1. Study site

The Rhine-Main-Observatory (RMO) is a long-term ecosystem
research (LTER) site that comprises the entire Kinzig catchment
(1060 km2) in the central German state of Hesse. The Kinzig River is
a low-mountain river system draining a range of land use types,
ranging from natural and managed forest, agriculture, horticulture
and urban areas.

2.2. Sampling

We used data collected from 15 sites in the RMO as part of the
annual LTER site monitoring (Fig. 1). These 15 sites were situated
along the Kinzig River in the active floodplain area, including both
aquatic and terrestrial/floodplain (riparian) zones (Fig. 1). This
section harbours a gradient of environmental conditions based on
land use, including forest, pasture and urban zones. These were
each sampled once per year in summer for three years, between
2010 and 2012. The sampling regime of these 15 sites began in
2010, thus we focused on the full suite of available data from the
RMO LTER site. Each site consists of a 100-m length of river and a
30-m lateral stretch from the river’s centre point (60-m cross
section; 6000 m2 area).

2.2.1. Instream

We employed the official EU Water Framework Directive (WFD)
multi-habitat sampling protocols (Haase et al., 2004) to sample
benthic invertebrates. This method enables coverage of the range
of microhabitat conditions present at a site, by taking 20 sub-
samples representative of their coverage. Samples were subse-
quently stored in 70% ethanol for laboratory processing and
identification. Taxonomic identification followed the EU-WFD-
compliant operational taxon list (Haase et al., 2006).

2.2.2. Riparian

We sampled riparian spiders (Order: Araneae) and carabid
beetles (Order: Coleoptera; Family: Carabidae) using eight 5.5-cm
diameter pitfall traps in the riparian zone at each location. Traps were
distributed to cover the range of microhabitat environments available
at each location. Traps were deployed in August each year and
remained in place for two weeks. We used Renner solution to kill and
preserve organisms, and traps were re-deployed in the same locations
annually. Juvenile spiders were excluded from the analyses.

2.3. Data preparation

We examined patterns in metacommunity structure between a
range of different assemblage groups for a variety of purposes,
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